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TECHNICAL MEMORANDUM X-53735 

A DISCUSSION OF THE STABILITY REQUIREMENTS 

FOR A LAUNCH VEHICLE FLIGHT CONTROL SYSTEM 

SUMMARY 

It is a s s e r t e d  i n  t h i s  r e p o r t  that what is  t r u l y  des i r ed  of a launch 
v e h i c l e  f l i g h t  con t ro l  system is the a b i l i t y  t o  bound the  dynamic responses 
of t he  launch v e h i c l e  t o  winds a l o f t  and v e h i c l e  anomalies,  Within t h i s  
con tex t ,  the  n e c e s s i t y  of imposing the customary s t a b i l i t y  requirements 
on a launch v e h i c l e  f l i g h t  con t ro l  system is quest ioned.  Arguments f o r  
and a g a i n s t  the u s u a l  s t a b i l i t y  requirements a r e  presented .  It is con- 
cluded t h a t  the ques t ion  is  a n  important one which needs t o  be reso lved .  
Comments from i n t e r e s t e d  persons a r e  s o l i c i t e d .  

INTRODUCTION 

The au thor  and members of the research  s t a f f  a t  Honeywell, Inc.  
have r e c e n t l y  engaged i n  a b r i e f  and informal d i scuss ion  about  whether 
o r  n o t  one should impose the  customary s t a b i l i t y  c o n s t r a i n t s  on the  
launch v e h i c l e  f l i g h t  con t ro l  system. Those thus f a r  involved i n  the 
d i scuss ion  agree  t h a t  what is  t r u l y  des i r ed  of the launch v e h i c l e ' s  per-  
formance is  bounded dynamic response and not  asymptot ic  s t a b i l i t y  wi th  
r e s p e c t  t o  i n i t i a l  condi t ions .  The ques t ion  i s  whether o r  no t  s t a b i l i t y  
requirements should be imposed i n  order  t o  q u a l i t a t i v e l y  a s s u r e  bounded 
response.  Because of the  fundamental importance of the s u b j e c t ,  the 
au tho r  has been requested t o  document the d i scuss ion  t o  d a t e .  We hope 
the  r eade r s  w i l l  be s t imula ted  t o  consider  t he  ques t ions  r a i sed  and t o  
c o n t r i b u t e  t o  the d i scuss ion .  

The reader  i s  cautioned t h a t  so  f a r  the d i scuss ion  has not  been 
r igo rous .  A s  a ma t t e r  of f a c t ,  handwaving has been the  mathematical 
device  most f r equen t ly  employed. For reasons of p ro fes s iona l  p r ide ,  i f  
f o r  no o t h e r ,  the  au tho r  would have prefer red  t o  have a more r igorous  
problem d e f i n i t i o n  than can y e t  be provided. Never the less ,  the fol lowing 
thoughts a r e  s e t  f o r t h .  The reader  i s  i nv i t ed  t o  comment on the  ma t t e r s  
under d i scuss ion .  Wri t ten  comments a r e  p re fe r r ed .  Depending on progress  
and i n t e r e s t  i n  t h i s  ma t t e r ,  f u r t h e r  pub l i ca t ions  on the  d i scuss ion  may 
be forthcoming . 



SECTION I. OVERVIEW OF THE PROBLEM 

It is customary t o  impose on the  launch v e h i c l e  f l i g h t  con t ro l  system 
c o n s t r a i n t s  both on the  dynamic performance of the  v e h i c l e - c o n t r o l l e r  sys -  
tem and on the s t a b i l i t y  margins of the  system when the system is analyzed 
by convent ional ,  f rozen-coe f f i c i en t ,  l i n e a r  system s t a b i l i t y  a n a l y s i s  
techniques such as Nyquist p l o t s .  

During the  ope ra t ion  of the f i r s t  s t a g e  of a launch v e h i c l e ,  the  
v e h i c l e ' s  behavior i s  inf luenced predominantly by the winds a l o f t ,  
Because of the r e c e n t  i nc rease  i n  the  q u a l i t y  of the  s t a t i s t i c a l  d a t a  
a v a i l a b l e  concerning the  winds a l o f t ,  r e sea rch  on the des ign  of the 
launch veh ic l e  f l i g h t  con t ro l  system has tended toward a s t a t i s t i c a l  
formulat ion of the problem. 

A review of our c u r r e n t  c o n s t r a i n t s  has a r i s e n  because D r .  G. B. 
Skel ton and h i s  a s s o c i a t e s  a t  Honeywell have been working under con- 
t r a c t  t o  groups wi th in  the Aero-Astrodynamics Laboratory t o  use optimal 
con t ro l  theory t o  design a p r a c t i c a l  launch v e h i c l e  f l i g h t  con t ro l  system 
which w i l l  minimize the p r o b a b i l i t y  of the v e h i c l e  exceeding any dynamic 
c o n s t r a i n t s  during f i r s t  s t a g e  f l i g h t  (Ref. 1). The theory uses a 
de te rminis  t i c ,  l i n e a r i z e d  model of the launch v e h i c l e  w i th  t runca ted  
modal expressions f o r  f l e x u r e  and p rope l l an t  s l o s h .  Because of the 
f i n i t e  time of ope ra t ion  of the  launch v e h i c l e ,  the  theory does not  
r e q u i r e  t h a t  the r e s u l t i n g  system be s t a b l e .  

The ques t ion  t h a t  has a r i s e n  is the manner i n  which one should 
handle the p lan t  u n c e r t a i n t i e s ,  modeling e r r o r s ,  and o the r  f a c t o r s  t h a t  
cause the response of the  a c t u a l  veh ic l e  t o  d i f f e r  from that .  of the model 
used t o  cons t ruc t  the  optimal c o n t r o l l e r .  The au tho r  claimed t h a t  one 
should requi re  s t a b i l i t y  margins on the performance of the  v e h i c l e  con- 
t r o l l e r  wi th  the given p l a n t  model i n  order  t o  "assure" adequate  pe r fo r -  
mance wi th  the r e a l  v e h i c l e ,  even i f  t h i s  comprises some op t ima l i ty  wi th  
r e s p e c t  t o  the admi t ted ly  e x c e l l e n t  measure of performance. This idea  i s  
developed f u r t h e r  i n  Sec t ion  11. 

The major i ty  of the Honeywell personnel  d i sagreed  w i t h  the au tho r .  
Their  argument i s  t h a t  s i n c e  the cu r ren t  s t a b i l i t y  techniques a r e  no t  
t h e o r e t i c a l l y  j u s t i f i a b l e ,  these  techniques should no t  be used as a 
des ign  c r i t e r i o n ,  a l though they a r e  good des ign  a i d s .  Honeywell does 
a d m i t  that the cu r ren t  use of the  t h e o r e t i c a l l y  sound techniques would 
involve an excessive amount of computational e f f o r t .  Honeywell's argu-  
ments a r e  developed i n  Sec t ion  111. 

D r .  Skelton of Honeywell pointed out  t h a t  M r .  Edinger of Honeywell's 
Aerospace Divis ion found t h a t  he had t o  t r a d e  o f f  l oad - re l i ev ing  pe r fo r -  
mance and f i r s t  s t a g e  terminal  performance on h i s  r e c e n t  Sa turn  V I  Voyager 
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load r e l i e f  s tudy  i n  order  t o  meet s t a b i l i t y  c o n s t r a i n t s .  
absence of s t a b i l i t y  c o n s t r a i n t s ,  t h e i r  c u r r e n t  r e sea rch  e f f o r t  on the  
same v e h i c l e  shows no such trade off and the  c o n t r o l  system achieves 
b e t t e r  performance a t  bo th  times of f l i g h t ,  

Because of t he  

The d i scuss ion  is  c u r r e n t l y  a t  a s t a l ema te .  The au thor  agrees  t h a t  
the b a s i c  problem is one of bounded responses i n  the  face  of u n c e r t a i n t i e s  
and not  one of s t a b i l i t y  of the d e t e r m i n i s t i c  model, However, t he re  a r e  
c u r r e n t l y  no b e t t e r  techniques t h a t  can be appl ied  wi th  anywhere near as 
much ease as the s t a b i l i t y  c o n s t r a i n t s ,  which experience has shown t o  work. 
He recognizes  t h a t  these  techniques a r e  t h e o r e t i c a l l y  not  j u s t i f i e d  and t h a t  
one could conceivably cause problems by the  ind i sc r imina te  use of s t a b i l -  
i t y  requirements.  Honeywell personnel,  i n  t u r n ,  recognize t h a t  t h e i r  
formulat ion,  a l though t h e o r e t i c a l l y  sound, is c u r r e n t l y  not  computation- 
a l l y  f e a s i b l e .  

I 

There a r e  probably two aspec ts  t o  the  u l t ima te  s o l u t i o n  of the  
dilemma. The f i r s t  i s  t o  develop computat ional ly  a t t r a c t i v e  techniques 
of a s su r ing  bounded response of the v e h i c l e  even i n  the  presence of t he  
model u n c e r t a i n t i e s .  The second is  t o  s e l l  t he  p r a c t i c i n g  engineer  on 
the  not ion  of abandoning s t a b i l i t y  f o r  t he  newer techniques when they 
become a v a i l a b l e .  The immediate s o l u t i o n  is  even l e s s  obvious than the  
u l  t i m a  t e  s o  l u  t ion. 

SECTION 11. ARGUMENTS FOR STABILITY 

Without r igorous  mathematical j u s t i f i c a t i o n ,  i t  i s  a s s e r t e d  t h a t  
some form of s t a b i l i t y  wi th  an  assoc ia ted  measure of performance ( i . e . ,  
measure of degree of s t a b i l i t y )  is requi red  t o  e s t a b l i s h  confidence i n  
the  performance i n  the c o n t r o l l e r .  For any given model of the  launch 
v e h i c l e ' s  motion, a l l  t h a t  i s  required i n  the way of performance i s  
"adequately" bounded responses .  I n  a s ta t i s t ica l  sense ,  t h i s  is  assured  
by examining the  covariances of the var ious  s t a t e s .  The problems come 
i n  a s su r ing  t h a t  t he  a c t u a l  v e h i c l e ' s  behavior  w i l l  be "similar enough" 
t o  the behavior  pred ic ted  by the model t h a t  one can have confidence i n  
t h e  performance of the  v e h i c l e  when employing the  given c o n t r o l l e r ,  which 
w a s  designed using the  given model. 

The p l a n t  model customarily used i n  c o n t r o l  design e f f o r t s  e i t h e r  
i s  or  can be i n  e r r o r  f o r  a t  l e a s t  four  reasons .  

(1) The model i s  l i n e a r .  The launch v e h i c l e ' s  motion is t r u l y  
non l inea r .  Judicious l i n e a r i z a t i o n  w i l l  f a c i l i t a t e  a n a l y s i s  and more 
r e a d i l y  permit  g e n e r a l i z a t i o n s  about t he  q u a l i t a t i v e  na tu re  of t he  
behavior  i n  neighboring s t a t e s ,  as long as one has confidence t h a t  
neighboring staiea at a g iven  t i m e  remain c l o s e l y  neighboring s t a t e s .  
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(2) The model is  d e t e r m i n i s t i c .  The phys ica l  parameters of 
the  v e h i c l e  and, indeed, the  c o n t r o l l e r  i t s e l f ,  a r e  only known t o  w i t h i n  
c e r t a i n  to le rances  wi th  a c e r t a i n  confidence l e v e l .  One would l i k e  t o  be 
assured  t h a t  s t a t i s t i c a l l y  probable v a r i a t i o n s  i n  the  p l a n t  o r  c o n t r o l l e r  
parameters w i l l  cause only small changes i n  the  performance, This can be 
accomplished by root-sum-square a n a l y s i s ,  s t a t i s t i c a l  a n a l y s i s  (assuming 
l i n e a r  p l a n t  and n i c e  p r o b a b i l i t y  d i s t r i b u t i o n s ,  e t c . )  o r  o the r  means. 
The quick and crude engineer ing approach used i n  the  past has been t o  do 
c l a s s i c a l  s t a b i l i t y  ana lyses  on the  l i n e a r  system wi th  cons tan t  coef- 
f i c i e n t s  a t  var ious  times of f l i g h t  and r e q u i r e  enough s t a b i l i t y  margins 
t o  g a i n  confidence t h a t  the performance w i t h  small parameter v a r i a t i o n s  
w i l l  remain s t a b l e .  One cannot j u s t i f y  r i g o r o u s l y  the  use of t h i s  tech-  
n ique ,  b u t  one can a p p r e c i a t e  i t s  s i m p l i c i t y ,  as long as he does not  
become enamoured w i t h  i t .  

(3 )  Even i f  the  model conformed t o  r e a l i t y ,  we t runca te  the  
normal mode expressions f o r  t he  p rope l l an t  motion and the  f l e x i b l e  
s t r u c t u r e ,  As long as the  motion i s  s t a b l e ,  we know that the  t runcated 
modes w i l l  not  s i g n i f i c a n t l y  a f f e c t  the  v e h i c l e ' s  performance, 

I n  the January 1968 i s sue  of Aeronaut ics  & Ast ronau t i c s ,  S. W .  
A s  he phrased i t ,  w i t h  

S t a b i l i t y  does g ive  some com- 
Golomb has a d e l i g h t f u l  a r t i c l e  on modeling. 
regard t o  a model, "don ' t  e a t  t he  menu." 
f o r t  i n  the  face of the  u n c e r t a i n t i e s  concerning the  model and does s o  
a t  a r e l a t i v e l y  easy cos t .  
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(4) There a r e  some minor phenomena a s soc ia t ed  wi th  launch 
v e h i c l e  motion, such as panel f l u t t e r  and plume impingement, t h a t  we do 
n o t  know wel l  enough t o  model. They have not  caused t roub le  i n  the  past 
and should not i n  the  f u t u r e ,  as long as the  v e h i c l e  i s  no t  ope ra t ing  i n  
a c r i t i c a l  manner. 
times g ives  one more assurance t h a t  the  v e h i c l e  w i l l  no t  be ope ra t ing  i n  
a c r i t i c a l  manner a t  some f u t u r e  time f o r  most i n i t i a l  condi t ions  along 
t h e  f l i g h t  path. 

Liapunov s t a b i l i t y  about  the  nominal t r a j e c t o r y  a t  a l l  

I n  summary, i t  i s  a s s e r t e d  t h a t  one does no t  on ly  want s t a b i l i t y  
w i t h  r e s p e c t  t o  i n i t i a l  condi t ions  or  s t a b i l i t y  w i t h  r e s p e c t  t o  the  
probable d is turbances  f o r  the  given model; one a l s o ,  i n  some sense ,  
wants s t a b i l i t y  w i t h  r e s p e c t  t o  "neighboring p lan ts"  o r  "neighboring 
models .I' 



SECTION 111. REBUTTAL 

1. It was a t  l e a s t  i m p l i c i t l y  a s s e r t e d  i n  Sec t ion  I1 that the 
a p p l i c a t i o n  of cons tan t  c o e f f i c i e n t ,  asymptot ic  s t a b i l i t y  c r i t e r i a  t o  
c o n t r o l l e r  design f o r  .a launch veh ic l e  is reasonable  i f  i t  produces 
s a t i s f a c t o r y  c o n t r o l l e r s .  

However, t he  launch veh ic l e  problem is a f i n i t e  time, time- 
vary ing  system problem, and the  goal of con t ro l  is t o  bound responses  
o r ,  t ak ing  i n t o  account  t he  very  la rge  winds  which can occur ,  t o  mini- 
mize the  l i ke l ihood  of occurrence of a response which i s  too  l a r g e ,  
While asymptot ic  s t a b i l i t y  i s  a mathematical concept def ined  t o  con- 
v e n i e n t l y  t r e a t  bounded responses ,  asymptot ic  s t a b i l i t y  formally is  not  
a p p l i c a b l e  t o  boos t e r s  because of the f i n i t e  t i m e  of boos te r  c o n t r o l ,  
Root l o c i  o r  o the r  cons tan t  c o e f f i c i e n t  c r i t e r i a  a r e  no t  a p p l i c a b l e  
both  because of the  f i n i t e  time and because the  boos te r  dynamics a r e  
time varying.  

While s t a b i l i t y  c r i t e r i a  a r e  use fu l  des ign  a i d s  i n  any l i n e a r  
boos t e r  problem where one might wish t o  use s t a b i l i t y  c r i t e r i a  as meas- 
u res  of bounded response,  one can as we l l  use e x i s t i n g ,  f u l l y  developed 
covariance ana lyses .  That i s ,  s t a b i l i t y  is n o t  needed s i n c e  bounded 
response can be b e t t e r  measured by o t h e r  methods. Furthermore, imposing 
s t a b i l i t y  can degrade boos ter  performance, e s p e c i a l l y  i n  the  h igh  dynamic 
p res su re  reg ion  of the  f l i g h t  and near the f i n a l  time. I n  the l a t t e r  
case, s t a b i l i t y  does no t  a l low the des igner  t o  t ake  advantage of dead- 
b e a t  con t ro l  methods. 

The conclusion i s  t h a t  s t a b i l i t y  is  u s e f u l  as a des ign  a i d ,  
b u t  i t  should no t  be a design c r i t e r i o n ,  and i t  is no t  needed as a 
des ign  c r i t e r i o n  because more appropr ia te  c r i t e r i a  e x i s t .  

2. The concern over truncated modes is w e l l  founded. From 
experience and i n t u i t i o n ,  low-passing the  c o n t r o l  system s o  as t o  not  
e x c i t e  ignored modes i s  a reasonable approach, b u t  one m u s t  t es t  models 
w i t h  a d d i t i o n a l  modes t o  show t h a t  i t  w i l l  be  success fu l .  In  a r e c e n t  
a i r c r a f t  s tudy ,  f o r  example, t h e  s i x t h  sytmnetric f l e x u r e  mode could no t  
be ignored,  and designs based on fewer than s i x  modes f a i l e d .  

3 .  The concern over parameter v a r i a t i o n s  i s  a l s o  we l l  founded. 
Parameter v a r i a t i o n s  a r e  usua l ly  not  a problem i n  l o w  g a i n  systems, 
b u t  c o n t r o l l e r s  which tune out  resonance peaks can produce v i o l e n t l y  
d ive rgen t  responses  if the  resonance f requencies  change. 

It is  e s s e n t i a l  that  design methods t h a t  w i l l  f l y  a l l  poss ib l e  
parameter combinations be developed. The only theory known which accom- 
p l i s h e s  t h i s  is proiiiLLt?;=ly rlumhersome and expensive.  Today, not  
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possessing a p r a c t i c a b l e  theory ,  the  des igner  is forced t o  t e s t  a l l  pos- 
s i b l e  parameter combinations which might produce too  l a r g e  responses .  

4. Whether o r  no t  n o n l i n e a r i t i e s  must be taken i n t o  account  i n  the  
des ign  depends upon t h e  n o n l i n e a r i t i e s .  S t i c t i o n  and backlash  types of 
n o n l i n e a r i t i e s  must be included i n  the  model, b u t  s a t u r a t i o n  types of  
n o n l i n e a r i t i e s  and v e l o c i t y  product  n o n l i n e a r i t i e s  can usua l ly  be 
ignored. 

Non l inea r i t i e s  must be modeled, however, be fo re  any such judg- 
ments can be made. Not modeling panel f l u t t e r  and plume impingement is  
dangerous; f o r  example, one might mount a n  accelerometer  where i t  w i l l  
p ick  up panel f l u t t e r  t o  the  e x t e n t  that the  accelerometer  ou tput  is 
f u l l y  s a t u r a t e d .  I n  many cases ,  complete d e s c r i p t i o n s  of t he  nonl inear -  
i t i e s  a r e  not needed t o  know they can be ignored, b u t  i n  every case  
enough m u s t  b e  known t o  r a t i o n a l l y  make t h i s  judgment, If n o n l i n e a r i t i e s  
which a r e  known b u t  ignored have no t  caused problems i n  the  past, and 
the des igner  does no t  know why, t he  des igner  was lucky. 

This summarizes the  gene ra l  comments on the  po in t s  made i n  Sec t ion  11. 
However, two d e t a i l e d  arguments which were made i n  the  d i scuss ions  and 
which support  t h e  above deserve  mention a l s o .  

(1) It is known from the  theory of o rd ina ry  d i f f e r e n t i a l  equa- 
t i o n s  that a s u f f i c i e n t  condi t ion  f o r  the  s t a b i l i t y  of a system of non- 
l i n e a r ,  autonomous d i f f e r e n t i a l  equat ions i s  t h a t  the  v a r i a t i o n a l  
equat ions ( l i n e a r  p e r t u r b a t i o n  equat ions)  be s t a b l e ,  However, it is  
known a l s o  that the s t a b i l i t y  of v a r i a t i o n a l  equat ions  does no t  guarantee  
the  s t a b i l i t y  of genera l  t ime-varying systems. 

(2)  It is known from l i n e a r  opt imal  c o n t r o l  theory  t h a t  uns t ab le  
degrees of freedom which cannot be measured cannot be s t a b i l i z e d ,  regard-  
less of whether o r  no t  they a r e  mathematical ly  c o n t r o l l a b l e  ( i . e . ,  they  
would be c o n t r o l l a b l e  and thus s t a b i l i z a b l e  if t h e i r  s t a t e s  would be meas- 
ured) .  Furthermore, l i n e a r  opt imal  c o n t r o l l e r s  w i l l  always reduce o r  
completely cancel the  inputs  t o  such degrees  of freedom i f  t he  degrees  
of freedom appear i n  con t ro l l ed  responses .  In  such cases, the  responses 
of the cont ro l led  system may appear  t o  be completely s a t i s f a c t o r y  s i n c e  
the  uns tab le  s t a t e s  a r e  not  e x c i t e d .  However, small parameter v a r i a t i o n s  
can u p s e t  t h i s  balance and produce d ive rgen t  responses .  

Thus, designing c o n t r o l l e r s  f o r  nominal systems i s  danger- 
ous. Usual ly ,  however, the des igner  is  aware of t r a p s  of t h i s  type and 
avoids  them. I f  he i s  no t  aware of them, he w i l l  become aware as soon 
as s imula t ion  t e s t s  a r e  run. He may no t  be aware of them if the  o v e r a l l  
system i s  very  complex and he is  using formal des ign  methods. The con- 
c lus ion  is  t h a t  s imula t ion  t e s t s  of complex systems a r e  most d e s i r a b l e .  
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One sugges t ion  made i n  the course of the  d i scuss ions  a l s o  deserves  
mention, namely, the  sugges t ion  t h a t  a t tempt ing  t o  bound the  boos te r  
responses  w i t h  the  responses of f a r  simpler models might be f r u i t f u l ,  
Bounding equat ions of t h i s  na tu re  a r e  widely used i n  o r b i t a l  mechanics, 
i n  f l u i d  mechanics, and i n  a wide v a r i e t y  of non l inea r  con t ro l  problems, 
and i t  may be poss ib l e  t o  extend these methods o r  develop new ones f o r  
t he  boos te r  . 

The bounding equat ions might take any one of s e v e r a l  forms, 
complete boos t e r  model is nonl inear ,  s t o c h a s t i c  i n  i t s  poss ib l e  param- 
e t e r  values, and of i n f i n i t e  dimension i n  that f l e x u r e  m u s t  be descr ibed  
by partial d i f f e r e n t i a l  equat ions (PDE's), One might a t tempt  to: 

The 

Find a f i n i t e  model (or a s e t  of o rd ina ry  d i f f e r e n t i a l  equa- 
t i o n s )  whose responses w i l l  bound the PDE's. 

Find simple nonl inear  models whose responses  w i l l  bound the  
boos te r  nonl inear  responses.  

Find simple equat ions f o r  func t ions  which w i l l  bound the  
boos te r  responses ,  such as Lyapunov func t ions  expres s ib l e  as 
s o l u t i o n s  of ord inary  l i n e a r  d i f f e r e n t i a l  equat ions.  

. Find s i m p l e  models or bounding func t ions  which would bound 
a l l  poss ib l e  boos t e r  responses (parameter v a r i a t i o n s ) .  

Combinations of the  above. 

A l l  of the  above approaches have been s u c c e s s f u l l y  used on one or  more 
problems i n  the  past. 

I n  summary, concerns about  model inadequacies a r e  we l l  founded, and 
a t t e m p t s  t o  a s s u r e  that the  model inadequacies w i l l  no t  cause problems by 
us ing  s t a b i l i t y  theory not ions a re  most reasonable .  S t a b i l i t y  should no t  
be employed as a c r i t e r i o n ,  however, because i t  does not  f i t  the  boos te r  
problem and because c r i t e r i a  which do f i t  t he  problem a r e  a v a i l a b l e .  
Although a number of approaches t o  model inadequacy problems a r e  suggested,  
none of them a r e  s u f f i c i e n t l y  developed t o  be of use t o  boos te r  con t ro l  
des igne r s  today. 
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CONC LU S IONS 

A launch veh ic l e  f l i g h t  con t ro l  system i s  c u r r e n t l y  requi red  t o  
have spec i f i ed  s t a b i l i t y  margins when the f rozen-coe f f i c i en t  l i n e a r  
model is analyzed by convent ional  s t a b i l i t y  a n a l y s i s  techniques,  The 
personnel  so  f a r  involved i n  the  d i scuss ion  appear t o  agree  that r e q u i r -  
ing s t a b i l i t y  f o r  i t s  own sake is  not  j u s t i f i e d .  There i s  disagreement 
as t o  whether or not  i t  should be imposed f o r  o the r  reasons.  This is  an 
important  ques t ion  and needs t o  be reso lved ,  
abandoned, computationally a t t r a c t i v e  a l t e r n a t e  means of a s su r ing  sat is-  
f a c t o r y  response should be developed. 

If s t a b i l i t y  should be 

The r eade r ' s  p a r t i c i p a t i o n  i n  t h i s  cont inuing d iscuss  ion is 
s o l i c i t e d ,  

i a 
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